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(54) TORQUE MEASURING APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a torque 
measuring apparatus capable of measuring the rotational 
speed and torque per rotation of a rotor whose 
rotational speed varies subtly, by determining the 
rotational period of the rotor per rotation with a 
measuring accuracy of higher than 10 ns. 
SOLUTION: This apparatus includes an irradiation means 
20 which irradiates a light beam, a beam adjustment 
means 21 which causes the light beam to branch into a 
plurality of light beams and irradiates the subject of 
measurement 37 with the light beams while adjusting the 
diameter of each light beam, a plurality of reflection 
means 22, 23 mounted on the surface of the subject of 
measurement 37 for varying the reflections of the 
plurality of light beams, a plurality of detection means 24, 
25 for detecting changes in intensity of the plurality of 
reflected light beams, and a signal processing means 26 
which determines the torque of the subject of 
measurement 37 by calculating its period of rotation on 
the basis of signals outputted from the detection means 24, 25. 
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^t\mmm<j^m2m:-mm%:^^'rmj^mx^^^ /^ib\ 

[0 0 6 0] mA\z7r^'rxo\z^ m2'mmmm<Dh7i^^ 
mw2 o<D3fe^^e3i-r63t:eiiis^4 1 1. ^^D^m 
mm\^xm.w\'^i^3 7{zmiii't^\^'-j^mmmm4 4 

<b. ffiSy^<*:3 7(^)^®(cStt)i^'ttXmi:fc^<J:t>'S2(0 



(7) 
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5 1. s 2t. mi^x'(jm2iD^m^RM^(^^t^^^ 

[006 11 mmmm 2 0 (D^^%:Bim'rh^Bmmm 

4 T^j^^^t^'T-r^^i^AW'^-d:^ 1-^^X4 2. yt 

:7 7-.f /<4 3 T'SI,^-r5o Z'J^^yr^ ^<4 3i-i. 
(IS I^m-^- KX*$>!9. =irfS: <>f =5;/m. 
P^:0. 1 1 oO^^:7T^^^<^-r^o ^^<4 3 

conrfid. 7^:7 

T^>'<C0a^|c:r3lUT*i. ra#ti^B2 0(DHe -Ne U 

—^<D^m^&mx^tii'^^\^^tz^. s I s-^G I 

[0 0 6 21 ^ 4 b\Z.X^X\i'—J>^m^&m.4 

4\z.Bim^ti.fz,9tm^. ^^^^-^^ 4Q\:lX<^X%-7 
r^^<47, 4 S^^i^^tl^o 5t='^>^^4 5(±. ^ 

T-c^<4 3 t^'-j>^mmmm4 4 t^m^-r^o 

5o *>^T'i'''<4 7, 4 8(1. ^yr^y<4 3 t 
m—(0%yr^^<t'tho ^^^^-^^ 4%\±^]}XJ>. 

[0 0 6 31 7fe:7r^^<4 7--eill$ti.Ttbtti-'57fe 

3 5^sxwj^*3 7t-^.t+^tt6o %yr^ 
;^^y5/^-3 4. ^^u^-xs 6^STi§ssy^^3 7 

{CRB^^n^o 1-'>'X4 9, 5 0(1. ^ffii|X^^fflIE-e 
[0 0 6 41 ^lioJ:t/^2C0{g:^t^f*:5 1, 5 2(1. 

5 1. 5 2(1. »J^f*:3 7^®J: D t>^tt^5i>^^^i^X 

1, 5 2(1. %m^^mM-r^m%x^f\.\-t. \s^t^f^^^ 

[0 0 6 51 5(wLT»l^$tlJt^2^J£jgSg 
[0 0 6 6] 0B,A^iSS2 0 75-e>R^W$:n./^«?iJ;t(^t-iN 



f^O, 6 5nimoOl/— 1H^(1. U >X 4 2 (C J: o Xjfc >^ 
T^^M S^-^^^i^eo 3t>^r-r^^4 3(Cj;oT&ll 

4 4^3e7!>-tt5o -i^LT. ^cO^i^d. 9t^^^-^ 9 4 

6{zxr>x±yr^^<4 7, 4 s-^^m\^'^^^ix^.. 
^yr^^<4 TizBrn^ixxmrn-r^mifDu-^^ 

(1. ■^-ri^>'X4 9{Cj:oX¥fT7fe(:i^tL6o wCD^fT 
TfeAr/^o/c^ 1 oOU-Hf3t(l. fc:"-i^;^^y :^-3 3 
^itigLfcfg. ^7fel^>X3 5|:iJ;oratSiJ^tt:3 7(D 

[0 0 6 7] ZiDm^s ^ 1 tOU-'if7fe<^t:'— 
WJ^f^3 7(0^®X^I,'S^?t-S^J:9{C«*U>X3 5 

Afg:Wf (1. ififflWtw^ (5) ^^hnn-ir^ZtfAX 

[iS5l 
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NA 



IS 



<5) 



NA, 



OUT 



NA 



IN 



L/>X4 9cDMPft 



[ 0 0 6 8 1 ^Hffifl^^Xd. U>X4 9cr)^P3S^3fe 

:7r^^-<<^r^Pi^<lrlR)— ^i-^fci6NAiN - 0. l l <b 
/.^-So NAouT =0. 2 5. <t>{ = 5 fimXh^tii^. 
b'— i^^rWf =2. 2pLmtfj:^o L^c^^^oT. StSiJ 
^f^3 7(7)^®{wio{t^mic7)U— !^'3fe(l. t'-ix^ : 
Wf =2, 2 Mm^/.?oTl>6o 
[0 0 6 91 !SESy^<*3 7(wHS,*f$iT.3tSlcDl^--f-'3t 
30 (1. ffiiy^f*: 3 7 IC^ "9 f^frt ^cS 1 (OiS^ttf*: 5 1 izm 

W$;^t/c^l;l^lSttL/^^^;5^ -^ixi^^tDls^y:^^ 3 
yh'dS 1 (D I — Ztf)^-X 

i:I^-(D3feSSxm3fel-'>'X3 5(CAttr5o ^UT. « 

^U>'X3 5l:iJ;oi:. RMyt<D}:Z*—J^^ : 0f * (1. 

40 ^{^3 7 (Dmrnxm^.^^-Ui-^ttxi^^^zt^mm-r^z 

[0 0 7 0] t'— i^fl : 0f ' =2 5inmtfj:-DtiRM 

^d. t'-A:^:7^y 2/^5^-3 31;: J:oT5>gt$tt> 

c^;S#t3fed. T^<^ Vi/^:7;j- h^^:^- K(wJ:oTl^ 

^Lfc^i(7)^^3^a2 4(cAM-r5o ^it^t^^i^a 

KD^^m^-S 3^m^:itfi^-X^^o l&m^i^3 7<D 

50 t^^«(;i/J^$i.^fca^). ^i(D^*Q{t-^5 3<^iz:T?&5»;^ 



2 0 0 0- 



2 0 5 9 7 7 
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mm 0 n sm&t^j:^o 
[00 7 1] ^^=^^^^^^4 6{zx^x^yr^ 

Af^ll, 2. 2^mX^^o 
[0 0 7 2] SiiJ«*3 7(r0S^^ttfc^2(Dl^-if^ 

?*?SL. fgKMf$5 2{C08M$tv/c^'a^(lS#t7t7^'^?^^?i 
L/.^l>(0-C% iHl^^lC— ^B#r«^fc'ttm 2 CO 

m^n. 0S|t^ttfc7ti^<hl^-(O7t5§T**7t:l^vX3 6 

2 oyi^^mm. 2 5 CI A*f-r 5o w (t:)^ 2 (D^^mm. 2 5 

^^I^^^^1^^-r5fci6. III5l;l^i-^^V^>^ff^^^com2 

(oi^mn^b 4^n^z.tt^x^^. 1^80^*37(0^ 

®iriott6^2(OU— i^'^cOt'— 2. 2/im<t 

m 1 ^oi^^fi-^ 5 3 Rrjm 2 co^^it^ 5 4 

[0 0 7 3] rCT% ©K^^Jl. ll!5(r^-rJ:5t:iS 
0tr«^rBlPl;^^'b^a?)6o miib^<tt>'^2(0^^fl^5 3. 

5 4coaiiiigmm*i*ic 1 vasx*^^/ci^). giffi(im/E 
ftTs^uxo. 9v^-r-5o :L<r>mmt^ w^nm^ 

x%htif:M^Wim<om\L\-x. m e {;i^i-MIE^ 1 (o% 

[0 0 7 4] m 2 (D^^m^ 5 4 (O^fi:^^ 1 <D 

^^m^s 3tmm\c^'^i.xmiisxxfm2i7)^^iB 
■^53. 5 4^it^-r^t. nw&m3S(o^m^x^ 
xm5\z.^s'rmtimmf>*-^^'r^o cfo^m. gnefrai 

<?r^ (1) ^m\^^X\^mU(Dh/i^i^^M^^:it:^'^X^ 

[0 0 7 5] z(Dx^{z^mi^mmi^xrnt. ^-yr^ 

*SS'J^f*3 7(0^ciX-e-A^l;5>2. 2 
umtfj:^, Z<D^m^^^^'mm2 4, 2 5{CXoX 
5 <i: . SS'J^i*: 3 7 i:i*i{g;^*f 5 1. 5 2 ifi^gi 



14 

m lioJ:t)^^2oQ^*Pfa^5 3. 5 4^^m&izm^Z 

-^5 3, 5 4com^mf±m-hmm'm.J^^m'^m:'^'r^ 
zt\zx<>x. meiz^^-rm'^^^f^x'f&m'^its 7 ^ 
^B^mmm^nm-r^zt^'-x^ ^bic. msiz^^-t 

[0 0 7 6] imsmmmm] m7n^wMizgh^ h^i^ 
^nmmn^m3Mmm^^^'rmfi^mx^^. 

10 [0 0 7 7] m7{Z9jk'rX 0\Z^ ^3|IMl?f^fi(0 h/l-^ 
stffl'J^^^Ji. u-i^'3t^Bet;f-r59Stti^e2 0<b. ^(O 
¥5fe^r^lib^<l:t;^ll2(OU-if^{c^)^ii$L. 

Af^M^B 2 1 . ^mmt 3 7 (Dmmiz^ ^ ni-fxm i 

J:t/^ 2 (O u-i^'7t:^Oig:S^t»cSg^^^bSit6^ 1 J: 
Xfm2<D^m^55, 5 e mi^XV^m2iDU-'^ 

^(D^m^^m^-r^m 1 j:t>*m 2 or)i^^i^m2 4 , 

2 5i:. Ztlh^^mm2 4. 2 SiDO^tiiB'^iZMl.X 

20 3 7t.^^mm2 4, 2 5(Dii!it}m^-^mm^mi.x 

:kmmf&^tiX\^^^o 

SlZTjkTX^iz^ 1 c mx 1 c m(?:)::^# ^d^^^n. 

MM ^ thtz^m^mmmxKm-r^^^^RM^^ t ^ 

30 ^^^^(DmKn^ ^^^m^mxRSi^'r^mnxhti 
{'^i^f)^fj:^h(Dxi^mm'^mxh^ . ^Ai\^^^<^^n 

^^^^m.U'T^!^nxhrn^\^^f}^^j:^i>(r)xhmm 
^mxh^>o ^tz. i^Rki^m^mi^^T. ^7-<^*or 

/ux=^^M.nm^^^y'^:y^^rzn^^-'7:x.>y^:y^'r 

^ztizx^xi&Rm^^^mj&'r^ztA^^x^^, 31 

5/^:xi5^(0#^, :r.^y^i^^\zj:<:>xm^muz/j:orz 

$¥m'^i^3 7(Dmm^mj^M^^tfji^o ^^--ymy^ 

:y^^m^. ^^-y=^y^:^^^MzU^X\^^f)*-^R 
k^\^XlEKMr-^b^ <fj:^fz}^. y-^--7=^y^>^U^ 

5 5, 5 =^«o0^^1t^^l!SSiJ^*3 7COlEltef&<^ 

^(o^mfimmzmwi'^h xo\z^^ {^k-fhtix\^^%. 

[0 0 7 9] ^l*Dj:t/m2(0^*q^®2 4. 2501^ 
60 :7^/i.^ y 5 7*5j:T>*t@r^^liy^S5 8 

^05 7*1. ^^^ft-^^f->:7^y ^-^/i^&IS : IGHz 

50 x-r'v^'^^/WbLTP'^/i-^ y v^^s^tT^s^ax*) 
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mrMmx-mf^-r^ztioX^^^o 
[0 0 8 0] i:^±(Dx^{:l\.xmf&^tltlm3mmmm 

[0 0 8 ll 0e^^S2 OTi-ibRSM^tv/rit'-AflO. 
6 SmmtOU— i^^^fefi. t:'-ixHfi3Si^ffl2 1 t'-A;;^ 
:y5'-2 7 1^ J: oTS#=f-r 511 1 I — ifTfe^iSi® 

[0 0 8 2] c^-c. 1S?PJJ^<*3 7{;:Be|4-$^fcmio 

^ti!ixp\^(Dmmx<D^mnm^x/i-^\^\ rt^3t 
ji. mm^titi^mtm-(o^mx-myti^i^:^s s\zx 

fc'-A^ : 0 t^W^fe : ' ^'-m-(DmX-^tH^. »J 
^»:3 7co^MT-m.S;«^5JgrftLTi/^'5Ci:^ffillSi-5r 

Tt^^Lfcmi t^t^^^®2 4{^AS^"r6o 30 
[0 0 8 3] Z(Dmi<D^^mm.2 4Xa. :L<0^ki% 

-^5 9^tHlteSl;i^#5Ci:;5»^-e#5o ^.^4b\ »ijS^3 
7cr)^ffi(Ci3tt5SlOU-if^cr)hr-i:.^;55i. 6 /x 

^xniLT^^^^mnii-xi o n sm&t^j:^o 

(0 0 8 4] S2<OU-iH3feli. ^^-28X-fi 

- t-C+8 

O (t) = 2: F (t + T 

»:0 (t) OiS^ffS^-l-^o CeOftSd. laiOtC^ 
'tSciJ}^y</u:^m'^^^m^\zMti^'^X»:(Dy</\^:^in so 



Stt. u>X3 0:fcJ:t>'u:^X3 2(Ote:^)t^^. «3t 

u>x3 6(cj:orwj^f*3 7 (Dmmx-m.^.^^^xf. 

5o -^LT. r(7)*^!x:/X3 6!Cj:oTfc:'-A^ : 2 
5mmlr/^ofctg. >^ y :x 3^ - 3 4 Cl J: o X^)- 

g|^ar^2or)^^^^g2 5{ZAt+i-6o 

[0 0 8 5] Z(Dm2(7)^^mSi2 5xns ^m^co^t^ 

^:Lt^'-x*^^o ^J:^. m^\mi^3 7 i7)mm{::isn^m 

m2oDl^^m-^6 0O3i:±7&5!9^oJ:t^lz:T755i?^ra 
(11 0 n s^Stfj:^. 

[0 0 8 6] ^h\Z. mi(D^Mn^5 9:^XXJ^m2(D 

e^^fi^eofi. '7^/u^])>^mm5 7^xrjmmi^ 

mmms s\z'^^]z,^nxm^mm^^xj^h^i'^^md^ 

xv?3'/Mt{cBliJc^l:Lfcmiic5<J:t/m2(Dt^*q«-^ 
5 9, eot^h/^:<(Dm\m,i&ii^^^^'r^. :l<d^. 

5fe-r5JlSSfiJc5>fl. lt^^S(^^^^/«^5^*tft:5 5 
\ZXh^MB^(Dmmki)*^'1^KUzX*^^fz.}^. 50k 
H z J^±cDjSiiS^^5><t-r5o 
[0 0 8 7] »:l/^T\ 'r'v^<5'/Ht:UT/-<X^^P^5fe$tt 
fc^l :?oJ:t>*^2c7:)^^gjfI-^5 9, 6 0(1. ter^^HS^ 

g5 8l;igil&$ix5o C(7:»tgrj^^^® 5 8X(i. mm 

m^^fj: 6 2 OO^ 1 (Oi^Mt^ 5 9 (^)tiSt8r^Bi?S*^ 

[0 0 8 8] ^mMMmxn. m\o ir^-r j: o (cB^r^^ 

: F ( t ) t-r^. teStBBSIilS : O ( r ) (D^S 

(1. ^ (6) ^-r^o 

[0 0 8 9] 
[ic6] 

•F(t) (6) 



(10) 
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<^j:^o Z<D\m-±. M:^<^^<^i^:^iB^-^*^^h- 

[0 0 9 0] >i^mmmm\z^m>mKmm?M 
m:^ (t) (DMmu^^mi kc^-To ihi 
mmmitAi, s 2 1 2 5 sm s ^/^^o coomicji^ 

1 



Cr) = 



26 



KM. 
1 1 



[0 0 9 1 ] mit>0l$^<t-^5 9 ,1:^2(7)1^ 

o^(Dti5:tir^r^i^;!)^f.^*^)5o ^mmmmv 

n. mi 2 {c^^-rx 0 \zm 1 (o^^m^- 5 9 coi^t^Mn^- 

^MHiiLTfemiGi (t) <h L. m2oDl^^(t^6 0 

tOthS;^fg^^ffltBU-Cgim : G2 (t) ir-r^p tesffi 

rjr^^:<I>i (r) (D^^d. ^ (7) <k-^5c 
[0 0 9 2] 
V^7\ 



Ct) • Gg Ct + r) 



(7) 



^rOi (t) (^m^f+^i-^o :ic7)ftg*i. 

m2(Dl^^lt-^6 0(^)/-/u>^sft^|::iitLB# 

O^Mt^ 5 9 (D/</V7.\t^i)'^% 2 (O^BI^^t-^ 6 0 <Dy< . 
/^^^ft-^^-ScU-Cffiater^lSIS : 0)1 (r) 

[00 9 3] ^m:mmm\z^\-f^m:s.immmw: : 4> 

Fb^ : r fl. r = 1 1 1 n s ^/^5o LX. COgt^Bf 
r«1-?:^ (1) ^ffli/>T[HlteS(7) h/^^^*i^)6w<^7&'^X• 
[0 0 9 4] roJ: 5{;i7^^ffijif^^(cJ:tLf^. ^fe^^e 
ill$ttX»a'J^«s:3 7{;i0B^$tt^miib^<i:t/m2(OU 
ffiS'J^ft: 3 7 (O^ffiX t'— 1 . 6 txm 
t^j:^, ^LX. ^M7t:^1^^^g2 4, 2 5(:iJ:oX 

^2(0^^(1-^5 9, 6 0^[ElSSIw#6r <*^;6^X# 
5o r0^l4oJ:t>*^2(0^^<t-^5 9, eOCl^L. 
5 0 k H z JeA±<^) y X^K^)'^: >^ ^ /u^J' y >'^i^ 

fi5 7xi^^-r6fci6. y 4 ^mmTxh^xi,±±^*^ 

[00 9 5] m?M^mmm s s x*i. ^±755 ^sjio^i: 
T;ii^t)0#rfl^5i On sa^<^^^'^icM<. mm^mmm 
^t/::^tzmi^tinm2<Di^mn-^5 9^fc(i6 0^ 
nmmm^-r^:itizxox. mi ijc^-rji^icgf^ 



r^;65X^eo mi«0«|^m-^5 9^S2(0^ 

0^+er^<in^Sli-5::<^{;iJ:oXI3i 3{c^-rii 
tuBtrsi^jfti^x ::co3i;n.B$rBi^^ (1) ^ffli/^s^i-iri;! 

[0 0 9 6] 7:^:Jb\ BiriE^l-^3^ifeJF^SgXJi. t'- 
j^mmmw:2i, 4 4. miio<tt;5m2(0^^^g2 
4. 2 S/i-^^n^d^g-a^ux^^^nxoN^, 

[0 0 9 7] [m4mmmm'] 1114(1^^0^1:1^3^.-51- 

[0 0 9 8] mi 4(c^-rj:9jwx m4mi&MWi(D h/u 
(Di-—^yt^mi^xxfm2(D\^-^yti:i^m\^. 

--i?-*5fe<r) fc'-ix^^g^S LXStffiiJ^^*: 3 7 icBSM-re^ 

lioJ:t;^m2(D7feilS:mi^®6 1, 6 2<^. Mi'J^^ 3 
7 (O^DidSl f+it Xm 1 ^XXim 2 00 U—if ^O^^ 

m^^^i\L^^hm\i^xnm2<DKMi;^fQ ee 
i:. ^l:fcJ;t/«2<ou-i^'*<oM*^*^el*^-r-5ml 

ib^J:0?m2(Dl^^i^M2 4, 2 5 ^. :LfLh^^mm2 

4, 2 5cottl;^la-^{;i^4'UX^*q«-^iU^(OfH-^^5)'^ 

5(7)tH;^?{t^^t@r4^1ILX^Sy^ft:3 7 0 

[009 9] mmmm 2 o to u-if3fe*i. m 1 o^i^s 

fSi^ee i(Ot'-A;^:/y 7{cx^x^m^t 

(01^^X29. 31. t:'~-A^>^y ,y^~-3 3. 
>'X3 5$:SXMa'J^«s:3 7twRB«t$^x5„ 

m2(D^m^mmme 2{ca«lxu^/X3 ox^s^f 

L. L^>^X3 0. 3 2. t'-ix^T'y ^y^— 3 4. 
UVX3 6^SXS?ffiJj^ft:3 7irS.At^;lx€>o 

[0 10 0] t.rz. mi<7)^m^mmme %2 

^WLhy.X<0^^ii:^y^'^t-^W^^X\^^o 

tS;<; ;^ 7 6 3 flilj«^^^Bg/^3^®X$>ix(i a < . :i ^ 



(11) 
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[0 1 0 1] mi^itfl||2(;)KM(*:6 5. 6 6(1. in 

[0 10 2] ^ML(oxo\^\^xmfi^^tLfz.mAm:mwm 

[0 10 3] RP,Wi^S2 OTi^^R^^l^^^x/cfc'-A^O. 
6 5inmc7)U— S 1 (T^^illS^t^g 6 1 t'- 
i^;^y^y :y^-2 7l-J:oX^^-r5|glOU->f-*7t 20 
b . iSig UXm 2 (D%m.^\Bmm. 6 2 d A*f^6^ 2 <n 

[0104] ^1 c7)3fei^sm^M 6 1 (D^^-^mts'm 1 

^(cJ:oXt:'-A^?55 2 5mm^/^5c -^UX. 
Ufc^. m^fe^-^XS 5lwJ:oX»aiJ^i*:3 7(7:)^®X- 

[0 10 5] ^^ilj^f^3 7{;i0S|;f$tLfcmi (^U-if7t 30 

^l(^M«^f*:6 5(;i0S,lt^ixfc:^'a^lC(l. ^Wi:^L 
/c^^o L/^^L. ^tti^^(DSa'J^*3 7(7:)^®X(7)MM 

[0 10 6] K^^mhf^-^fz.^^\z.vx^ WM^M^% 
^i:I^-03tiS§X«^U>'X3 5l;iAW-r6o 
%(0\^-J>.^', 4>' (10' =2 SmmX-fo-So ^St^fl 

'^i^3 7 (Dmrn^^^"^ \(r>\^—^it<o\::-h.'f^t^ 

1. 6 Mm,t^^{w/J^$l/>/c^^!). mi co^^fa-^5 9oO 
i:±755!9i3j:u;3i:T?5i>t)B#r«^(il 0 n sU^tfiih. 

[0 10 71 m2<?)^5||Sfa3gS6 2tCAltLfc 

m2<^U— ^7-2 8X'@:A(C^#t$nrcig. 50 



20 

J:U>'u>X3 2(Ote;^7t^S. ft^t >X 3 6 {1 J: oX 
WJ:^f*:3 KDmmxm.^.^'i^n. f'-i.fl : 1 . 6 ;i 
m<i:/^o J:9t::BS^^^x6o S 2 cDix«f*6 6 i/:)SL^M 

fs]-(07t&§X-a7tL^:/X3 6(CA*f-t-6o -^LX. «^ 
u:/X3 eClctoX t'— i^fl : 2 5inml;i>:^ofifg. t' 

-ju;^ry 4irj:oX5^Bt$;ixxm2c;><^:^ig^ 

g2 5{CAMi-5o 
[0 10 8] r (7)^2(7)1^^^8 2 5 Xfi. ^2(7)U — 

^-rs 1 (Ol^^fs-^ ^ f^it/cCl^«^t^t(7)m 2 <n^m%% 

6 O^lHlteSJC^f^ - ,t;65X#^o MJ^(*:3 7 

(0^®|3:io{t'5ll2(7)u— i^*^(7)t:'— ix^l . % nmh 
^N'^{w/J^^v^/c*^. m2c7)t^Mt^6 0(7)5i:_t;5^9isJ: 
U^35:T;6'- B#r«1f± 10ns S^gi: /.f-5o 
[0 10 9] ^hXZ.^ ^1 (7)1^^m-^5 9*3<tU^m2(0 

It^iS-^eofi. :7-^/u^ y ^-^^i^gs 7:fcJ:L>'t@^^ 
Si^g 5 8 {c^ iZb^nxEK/il^ib^ J;t>* h/i-^ ^^sm 
$;h.^o :7^/u^ y :^i/^g5 7X-ii. -y-> 

T^yv^^K^: lGH2XSli3ctt/^2(Ol^^{t^ 

5 9, ^ o^'tV'-^ Mm-z.^'^x^. \%^^m.<r>^^hf^ 

5^l^f*:6 5tCj:6<^^m-^(7)j^z6^;6^^KHzX-^6 
fcA?>. 5 OkHzJ£JLJi(7)i^»ISfiK5^>SrI^^-r6c 
[0 1 1 0] ^fc. tirj^lli^g5 8X(±. ^rai6^(cm 
/.^^2 0(^^1 (7)l^^ft-^5 9^ffll^. ^ (6) X-^^ 
LfclBSterjr^lS : O (r) ^f+»-1-6r<t{:ii:oX0 
^iil^^**!>6o -^rbX. h/u^(i> mit7)^^fI-^5 
9 ^^2(;)t^^{t-^6 0^ffil\ ^ (7) X^aU^c+B 
StSr^r^l^ : <I>i (r) ^im-^h^LtX^^^Xi^^ 
€>o ^^Jfefl^^iOffiStsr^^lS : 4> (r) . <I>i (O 

m3^ife?f^^<hf^-(7)Jg:^<i:/^5o 
[ 0 1 1 1 ] S 1 (0%^^\t^m.^ 1 Jc^g ^Txfci^m 
;?7;^^6 3(1. m2(7)7ti^§:{t3^®6 2(^12:^^6^^^^ 
6 4 (7){ig'^Bj^^m-r5o (7)^ — ^7 6 4 (7)fiM 
^^®i^^^-t-6w<!:i:iJ:oX. iil ffl^lt t!)-^ (7) HIj^'^j 
SlcJ:€»^i(7)^a^S:m3^S6 1 h%2<o%m^\B^W 

6 2 <t(7)f4er^#.(7)^fb^^^'t*6o ^UX. Mtt-^^J 

[0 112] {i®P^^(7)^ilj^MiE-r^f-46. S 

lt7)^^it-^5 9<5:^2<7)^^{S-^6 0^ffll\ ^ 

(7) X-^aUfcffiStSBIBilS : *i (t) ^ffffL. 
Mit^Sj^^S:{t/cB#(7)gnBtr«14r^a!^6o ^cDgtLB* 
reKi. 3 8(rj:ox^i:6igttH#f0^x-ii/.c< . 

mm\'^m^\^^^m\(oit^^\Bmw^ i <tm2(7)7bis 

Sfti^^Be 2(7)fi®BI^,o^i!i{wJ;oX^i:'5i!ix^ 
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ji. (7) x-'&m^timKnmmmi : <i>i (r) 

±C5SnB#Pp1: r' iDBm^^m.i.tl3^ (8) {rfi^o 
X h/UiJ^ : Ft ^-^ib^, 

=2;rK' (r-zr* ) /T (8) 

[0 113] ^/c. ^mmmm^ h/i^^Bmmm^^:^ 10 

[0 1 14] ^m^B 

ISay^tt: 3 7 (^*®T- t'-Afl;i5 l . 6 /z m 
<b/ir5o -^LT. ^lib^J:T>*S2C>ig^{ti^g6 1 . 6 

m^M-t^^t^e 6 6{:ij;oT> msiz^-rx^i^ 
^^mmmiK<omi^^xj^^2<D^mn'^s 9, 6 0^© 20 

[0 1 1 5] :7H'/l-<5'y >iJ^^®5 7X-Ii. r<7)mi*3 
J:t>*||2(7)1^^{t^5 9. 6 Otw^L. j^^^5 0 k H 

[0 116] mm^mmms sx*n. ^±^^-^^xxj^il 
T^*-^mrnW-i On sumt0n\zm<. mmmmm 

^m^m^'t'^:zt{zx<^x^ Ell iic^-rj:5{w0fs 30 

w<h^sT'#6o ^h\zmi<D^mn^5 9tm2<Dm^ 

m^e o^mMmm-r^ztizx^^xmi siZTjk-rxo 

[0 117] ^LT. ilt^J^^T* ^ 6 3 ^r^-i^ 6 4 (hir 

2 <7)^i||§fg3^B 6 1.62 (^<iaa^i!i^£:«l*P-t-5 r t 
r-xt^ ^ (8) l;iti§oTfea^f!j{wj:5zi>J^ifSS[*?5{S 40 

10 118] fj:i3^ :^Mmmm(D h/i-^t+aijsigii. $a 

10 1 1 9] i.ms'mmMm] m \ aii/^^B^tc^-s h 
[0120] mi 6t;i^i-j: ^ci. msm^nm^ h/w 

<^^^-1^'3fc^r:5fe:7 7^/<4 3 {iiAW^tt-^ 1^:^X4 2 
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^ 6 9 ^o0^5>ll!i-rn^.^ ^ 6 9lCtg«^$;^X 

fc^:7T-r^<7 0. 7 1. 7 2. 7 3 ::tiib<o5fe:7 

T^/<7 0-7 Sd-^n-^Wg^t^nfcmi , ^2, ^ 

3, ^4<;:>3feill§:fty^a7 4, 75. 76. 77<h. ffi 

Sij^^cs 7to^®tcSi«9{i-tt-csW<^ti^^fl:^^6m 

l^XXim2(D^Mit2 2, 2 3 t. ^-y-r^ ^<7 

7 3^c5>llSL/t^^-i^'^(;D1^^^t-^^1Br^m^L-ci5^ 
nm^^iix\^^^o 

(0 1 2 1 ] 7t::7r^^^7 0. 7 1, 7 2, 7 3 (1. )fe 

:7r^/N4 3 (tfs]— oo^:7r^>'<T-fc«9 . s i ^]^— ^ 
-KT-fc*). ^T^: <f>t =5 urn. ma^: 0. 11 

T' # 5 J: 9 {w^g^ ^ tLT I ^ -60 
[01221^1.^2,^3. m4C»7fei^S(t^e7 

4, 7 5, 7 6. 7 7n. t'- jUf^g^l^ib^ J: t/BS^ $ 

iHSMi^ee lT-1S^$^^X^^5o ^LT. Say^»:3 

7(7)[HlSiiS:fcJ:t>' h/i-^fi. mi ^fc(iM2tD3^i^S: 

m3se74, 7 5T'*i^$tL6Si(^a'j^^. m3ioj: 

r/m4<^)3tiS^{a^g7 6. 7 7xmf$.^ti^m2<Dm 

^^of+2^^-eaiJ^^ix6o miib^J:t>*m2(7:)aiJ^^. 
fix isaysf*:3 7oDR;^::^rS]ic|^g$;K.^, /^ib\ 
sit 7 4-77 ^R^:^f6]{cii^i3:g i^x^^Mx 

[0 1 2 3] mi^xv^m3(D^m^mmm7 4, 7 6 

LED 7 8. 8 Ol^^^l^ftH-^^ixXl^-So 

i-^fiBdg^e Lfrm 2 J: t>'m 4 (;:)7tiSg^t3^M 7 

5, 7 7t;ifl. fm^ibti-ffly^i^^LX(Oj^4S2^7c<?5 

7Kv^>3 >-ir>i^7 9, 8 1 7^^^ f9 fttt f^i^tXl >5o L 

ED7 8, 8 0fi*^;^LED<h L/ci^5. 

[0 12 41 i^±i^x^\zi.xm^^titim5mmMm 
<D h/^i^f+ay3^B(O{^ffli:ioiNxu£0j-r5o 
[0 1 2 51 m^mm2 o^^hmm^titi\i'-j^'i^o. 

6 5min«^U— If5tflx U ^^X4 2 J: oX^fe^ r -f 
6 9l;iJ;oX5fe^Z'Y/<7 0, 7 1, 7 2. 7 3--!^^ 

[0 1 2 6] zzx\ ^-yr-r ^<7 0{zyft^L.tzmi^ 

i^-^^n. mi(r)^m^mmm7 AizAM-r^. z.<d 
m 1 (o^i&^mmm. 7 4 xni. ^tiiisfti^M e 1 1 mm 
<ovfm^mi<D^—^%\zmi.. wm-^w^z 7 <Dm:mx 

ti^o -^Lx. iBimmz^mt^2 2(Di(^mn^^m>z 
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[0 12 7] it-^r-i^^y 5{r5>ii$ufcm2(OU' 

(o^^m^n. m 2 {-^i- j: 9 t^iL±.m ^ m^t- 1 0 n 

s O/^/u ^ fa t tj: 6 o 

lO 1 2 8] tSr^^H^gS 8-CI±. Coos 1:^=5 J; t>*m 
2^0U-if^^^^^^t-^^ffll^ri^ (l) . ^ (6) . 10 
^ (7) ^f+SU. mi:^^J:t/S2(D^iS^jti^M7 
4. 7 5r-1t^$;?x^m 1 (OSlJ^^^cJ:6lH]^Gii^ : V 

[0 12 9] ^fc. 7fe:7r^^<7 2, 7 3l::J:oT5>i»S 

m4(75^iii§{igB7 6, 7 7\z.x.<>xm^<D^mi}^t^ 

^th. ter^^^i^MS 8(C:fel>Tm2cDS!j:^m{^J:5[Hl 

: v2 , h/Ui^ : F2^*:i8:>'5::^;e>^-e#^o 

[0130] ^ bX. tir^^S3^B5 8 -CJl. S 1 <OffliJ 

^^ib^J:t/S2(7)iiJ^^i:i#f3n^c[Eie5gS VI , 20 
V2 , h/U>:^Fi , F2 JC^U. ^j[^iSn= 2 <h LT^ 
(9) . ^ (10) X'^-r¥i$;{b^S^fToTlHllSig^ 

Vave . h/^^Fave ^3ttJi!)^o 

[iS9] 

[»1 0] 

n 

**aTO = (2:Fj^)/k (10) 

k»l 30 

(0 1 3 1] S2:JoJ:U?m4<D^illS{Ii^e7 5, 7 7 

:fcJ:U^S3(7)5feiS§{ti^@7 4, 7 6{wSl»9f^"{tP.nfc 

LED 7 8, sot^hmM^^fz.^mt%:^^-rh. :L(D 

^>^'>3 >-fe>'1^7 9, 8 l<iB^*f^n7t3felS<Of]5:®|S 
[0 13 2] ffiar^l«7i>5^{l:U/c:^fi. mii3J:t/m 

2cosii^^(7)#^T^ (7) x^aufctester^gi^. : 

(r) ^f+gLTfifi^Kt^ct-SiiixBtrB^ : t' ^ 
^ (8) \zm<>xm\^::iV^y^2(Dm\^7h<o\^/v 

^Fi . F2 ^*^5o ^UT. ^ (1 0) 

[0 13 3] :L(DX'?\^>^MmMm\:^Xti\±%-7r^^< 

4 3, 7 0, 7 1, 7 2, 7 3lr J:oT. KW3gS2 0 so 
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>fe6o ^LT. >^r^^<eit$nT»ii]^f*:3 7{;0B.M 
$^5^1, ^2, f!3, m4oOU-f-'3t(l. WJ^f* 
3 7 (7:)^ffiT'IR,'^.^SiStJ^. b'— ^fl;6^2. 2/im>/^ 

[0 13 4] mi-||4(0^3ll5:fIi^B7 4-7 7(CJ: 

fJjSftS 7{cSltJ{i-tt/c,S*rf*:2 2, 2 3(wJ:or. ^ 

itm^\tmm.X\tm 2 jr:^-r j: 9 neiti;^^ 19 b#Pp^//^ 1 0 
[01 3 5] tS^^^^^S 8T*(i. ^ (6) (w^-rtE 

steiiBilSio (t) ^f+ffUT^Tfeii^Sifi^^/j-b* 

^^[Eje^i^g^ft^L. ^ibd^ (9) {ZTf^-r^mt^ 
M^fT9 M^cofgitS-e»i'J^f*3 7co 

(7) d^i-testsr^rj^ : <i>t (o ^imu. 

tw^ (10) (cir:-r¥l$Jfb^M^fr9r i:lcJ:o-C. EJf 

[0136] LED7 8, 8 0 J: t/zifv^ > a 

:/79. 8 1 ;cj:oX. illHmitj^^f>(7:)tgib^^j^(cj: 

1 --^A(Ditm^m^m. 74-^77 <o{iB'^»j^«i 

^-ra:: <^^^T^6o -^UT. ^ (8) . ^ (10) 
oX. *illSft3^B(^f]5:B2^Sjt;iJ:5 h/p^(7)^'J^ms 

[0 1 3 7] ^fc. *iiJSJF^^<7) h/^^f+ay^B (a^^B 

^tSca«J^f^<?5R^;^iS]l;i?^3^oxm^^Bi-6r ^ 
[0 13 8] ;*:^§^(l±iE^^JS?i^flg{Cl5S^$ix 

--mA'mmmmx^tKMi^. ^^mm.^^t\^'^^2-:>ir 

2 oJt^±(7)1S^»Bi-ttJ^ J; V \ 

[0 1 3 9] 

l5{;iJ:oX*j^^1SIS(7)^/^lw:9'ii$L. ^%m(0\f-J>. 
mirpis LXSiy^<*(wB8,tt-r 5 w .J: ;55X^ 

[0 14 0] ^Lx. mi^mm:i\^K^^mf)-mt'i-^ 

IS«0^iK<7)K'-AS;55^;,mX*>6fc4?)lCl O n s 
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ii^iS-rr.^(;ij;oT. ritmco i o n s x^jm\^^Bmm 

[0 14 2] ^fc. y-YX^r^^-r^t^^/u^ y 
M^Wjt+ffl'J^IS«cJ:oT. y^X, JIB, SiSi^^^'-C^ 

[0 14 3] Vfy^^t\wmm.\t^. 

M^Tjk-r^^ ^ v^^-r- ho 
[ma] ;*:^PJ(7?mi^jlfe?l^^trj:o-C#P>ti'5lHlte^ 

[1^14] *B0^ic«-5 h/i^^nmmm(om2mmMm^ 
^•tm^Eio 

[HIS] ^^P^(D^2^m?F^flgtcj:o-C^»^tt-5ftffl'Jife 
^^^-r^^ ^ ho 

me] ^mm<om2mmmm\^^oxnhti^mt^m 

[nisi [i].7{c^ott6St^«s:^^i-*A;^a 

[139] :^mm<7)^ smmmmi^xoxm^ti^i^&m 
[^10] :^mm<omsmmjf^m\^is\,^x^mmm^:^ 
mil] >^mm(om3Mmmm\:iXoxmhti^^^ 
mi 2] >^mm<Dmsmmmmi:i:^^^x 
mi 3] ^mm(Dm3^mmm{^xoxnbti^ h/^ 
mi 4] :^^m\zw.^ h/i'^nmmm(om4mmm 

imi 5] im 4\z^m>^Mt¥^^-ri!::kmo 

mi 6] b/i-^$wmm^^5mi&nm 
mi 7] mi^'ii^^mx»^^ h/i-^^mmmir^-tm 
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[018] m 1 ir>ittm^ncx^x%hri^$mm^^^^ 

i-^^ ^>i^^-r- ho 

[Hi 9] m 1 ^'ii^^m{cxr>xmhi^^{&(D$m^SM 
^^^-r^^ ^ v^^^-r- ho 
[1112 0] m2(r)'i}t^mxh^^mmmw\^mm^yr:^ 

[[112 1] %2<0\^m^\:LX^x%hf\^m\m^^^yr^ 

[1112 2] %2(0'^m\\^X.^X%hf\.^{^(0V(W&^ 
10 <l:^f[llc 

[?5^(^lft0.^] 

2 0 ffi#:fi^® 

2 1 t:'— i^^MS^a 

2 2 mi tO^Stfls: 

2 3 m 2 (D^Wf*: 

2 4 mi C0«|*q3^B 

2 5 m2(Dl^*0Sg 

2 6 m^^n^a 

2 7 t'— A>^X!J y ^- 

20 2 8 ^ ^ — 

2 9 U>-X 

3 0 U^^X 
3 1 UVX 
3 2 U^/X 

3 3 t'— A^>^y — 

3 4 t:-— A;^:7'y 5^^— 

3 5 ^3fel->'X 
3 6 «7fet^^X 

3 7 isay^f*: 

30 3 8 

3 9 mi i^^^it^ 

4 0 m 2 O^^ft-^ 
4 1 3fefiill^B 

4 2 U>X 

4 3 3t;:7r-f^< 

4 4 t:'— A^S^B 
4 5 

4 6 :»1IJ$=3^>>5^^ 

4 7 ityr^^< 

40 4 8 3fe:7r ^< 

4 9 u:^X 

5 0 U>'X 

5 1 mi 

5 2 m 2 (o\mM^ 

5 3 mi <D^^\%%^ 

5 4 m2(?5<*^{t^ 

5 5 mi (om^^ 

5 6 m 2 (OMS^«s: 
5 7 >^^/U^ y >'^3^B 
50 5 8 tSBI^^i^B 
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5 9 mi (r>tkMn^ 

6 0 m2(D^mB^ 

6 1 mi (D^mSiinmn 

6 2 m2(D7feil^S:«i^S 

6 3 ^m;^ p« 7 (ffia^Bijf+sy^is:) 

6 4 ^-^ 

6 5 Si (D^mi^ 

6 6 m 2 

6 9 

7 0 7fe:7r^^> 
7 1 ^y7^^< 



7 2 ^'7r^^< 

7 3 7t;:77^/< 

7 4 Si (T^Tfeil^gft^S 

7 5 m2<Ditm^\B^^m. 

7 6 S3(0^i||^jt^S 

7 7 m^<o%)^'§:mmm. 

7 8 LED 

7 9 TKv^v-a >ir>i^ (fiM^ibttSiJ^^) 

8 0 LED 

10 8 1 .-Kv^v/a^ir^-i^ (&g^ttsti'J^4^) 
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